The crystal structure of (CH 3 ) 3 NHBF 4 was studied in three solid phases by X-ray diffraction techniques. The structures of the ionic plastic phase (Phase I) stable above 453 K and Phase II between 384 and 453 K are CsCl-type cubic (a = 5.772(4) Ä) and tetragonal (a = 9.815(5) and c = 6.895(5) A), respectively. The room temperature phase (Phase III) forms a monoclinic lattice (space group P2,/m, a = 5.7017(8), b = 8.5724(9), c = 7.444(1) Ä, and ß = 102.76(1)°). BF 4~ ions in this phase were shown to be disordered in four orientations.
Introduction
The three solid phases (Phase I, II, and III in the order of decreasing temperature) of trimethylammonium tetrafluoroborate, (CH 3 ) 3 NHBF 4 , were revealed by Zabinskaet al. by differential scanning calorimetry (DSC) [1] , but the crystal structures of these phases are unknown. Our previous study of 1 H and 19 F NMR [2] showed that Phase I, existing above 453 K, is an ionic plastic phase where the cation and the anion perform isotropic rotation as well as self-diffusion. In Phase II, stable between 384 and 453 K, the onset of anionic self-diffusion and cationic isotropic rotation was observed. These facts imply highly symmetric crystal structures in Phase I and II where the cation and anion are highly disordered.
Trimethylammonium Perchlorate, (CH 3 ) 3 NHC10 4 , containing anions of a similar shape and size as BF 4~, is also known to form three solid phases [3] . The crystal structures of (CH 3 ) 3 NHC10 4 in Phase I, II, and III in the order of decreasing temperature are CsCltype cubic (a = 5.845(1) A), tetragonal (a = 9.912 (4) and c = 7.01(2) A), and monoclinic (space group P2 1; a = 5.749(1), b = 8.670(1), c = 7.5585(9) A, ß = 102.66(1)°) [4] , Phase I is assigned to an ionic plastic phase [5 -7] because the dynamical behaviour of the ions is similar to that in Phase I of tetrafluoroborate. In Phase II the cation undergoes random tumbling about axes inclined by ca. 20° to the N-H bond axis, while the anion performs an axial motion [6] .
In the present study we determined the structures of Phase I and II of tetrafluoroborate by powder X-ray diffraction, and that of Phase III by single crystal Xray diffraction to compare the structures with those of the Perchlorate. The BF 4~ ions in ionic crystals with pyridinium [8] , methylammonium [9] , tetramethylammonium [10] , and tert-butylammonium [11] are disordered at room temperature. The disordered state of BF 4~ in our crystal is of additional interest.
Experimental
(CH 3 ) 3 NHBF 4 was prepared by neutralizing trimethylamine with tetrafluoroboric acid. The obtained crystals were recrystallized from methanol. Powder X-ray patterns in Phase I and II were taken at ca. 470 and ca. 320 K, respectively, using a Rigaku RintlOOO diffractometer equipped with a copper anticathode (A = 1.5418 A, 40 kV, 200 mA). Single crystal X-ray measurements were carried out on Phase III at 300 K using a Rigaku AFC-5R diffractometer with graphite monochromated Mo Ken radiation (A = 0.71073 A, 40 kV, 200 mA) of the X-ray Laboratory of Okayama University. The data were collected using the lo-29 scan technique to a maximum 20 value of 55.0°; scans of (1.63 + 0.03 tan 9)° were made at a speed 0932-0784 / 2000 / 0800-779 $ 06.00 © Verlag der Zeitschrift für Naturforschung, Tübingen • www.znaturforsch.com Table 1 . Crystal data of (CH 3 ) 3 NHBF 4 in Phase III at 300 K and experimental conditions for the structure determination. of 6.0°/min (in co). Three standard reflections were measured after every 97 reflections; the intensity variation was 0.62% over the course of data collection. The structure was solved by the direct method SIR97 [ 12] and refined by a full-matrix least-squares method. The quantity minimized was -F c 2 ) 2 , where w = 1 /a 2 (F 0 ). All calculations were performed using the TEXSAN crystallographic software package [13] . Crystal data and experimental conditions for the structure determination are summarized in Table 1 .
Results and Discussion
The powder X-ray diffraction angles (20) in Phases I and II, taken at ca. 470 and ca. 320 K, respectively, are shown in Phase II can be indexed by a tetragonal lattice with a = 9.815(5) and c = 6.895(5) A. Since the powder patterns resemble those of Perchlorate obtained in Phase II [4] , the structures in Phase II of both salts are considered to be isomorphous. The fact that the ions in tetrafluoroborate are more excited [2] than those in Phase II of Perchlorate [6] may be explained by the difference in weight of the two anions. Phase III was found to be monoclinic and its space group was determined to be P2[/m (#11) from sys- tematic absences of OkO, k = 2n + 1 and a statistical analysis of the intensity distribution. The molecular structure of (CH 3 ) 3 NHBF 4 is shown in Fig. 1 , and the atomic parameters are listed in Table 3 . Two kinds of crystallographically nonequivalent BF 4~ ions (group 1 and 2) were observed, and both ions are disordered with respect to the mirror plane perpendicular to the b axis. Group 1 has an occupancy factor about three times larger than that of group 2. Consequently, the anion is disordered as to its central position as well as to its orientation with an abundance ratio of about 3:3:1:1. The C2 and N atoms lie on the mirror plane. The non-H atoms of the cation and the F atoms of group 1 were refined anisotropically, while the B atom of this group was refined isotropically. The BF 4 -ion of group 2 was treated as a rigid group with a tetrahedral symmetry and a B-F bond length of 1.36 A. The central position and the orientation of this anion, and the isotropic displacement parameter (U iso ) of each atom were refined. The H atoms were located on difference syntheses. The coordinates were fixed and the £/ iso values were assumed to be 1.2 times those of the equivalent isotropic displacement parameters of their parent atoms. A packing diagram viewed down the b axis is shown in Fig. 2 , and intramolecular bond lengths and angles are listed in Table 4 . The crystal packing in Fig. 2 is remarkably similar to that in Perchlorate [4] , except for the hydrogen bonding patterns. The cation forms an
